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TAPE OPTICAL FIBER CORD WITH OPTICAXi FIBER ARRAY 
FIELD OF THE INVENTION 

The invention relates to a tape optical fiber cord witlk 
optical fiber array as a tape optical fiber cord to which an 
fiber array has been attached^ and more particularly to 
optical fiber cord with an optical fiber array which cai|i 
s the occurrence of microbends. 
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BACKGROUND QP THE INVENTION 
The spread of the Internet and an increase in thi 
ity of data to be transmitted have led to a massive? 

se in traffic. This tendency has led to energeti<: 
Dpment of technology for increasing the capacity 
al wavelength multiplex communication systems. 
When devices constituting a communication system ar^ 
ted to each other through a plurality of optical fibers, 
tlhod, wherein a bundle of a plurality of optical fibers is; 
ied and is used for connection between these devices, i$ 
cases more convenient than a method wherein the devices; 
cted to each other by separately drawing these optical. 
3 one by one. In this case, a tape optical fiber cord 
ter often referred to as "tape fiber"), in which cl 
lity of optical fibers are juxtaposed and are then covered 

the optical fiber into a tape, is used. 
Fig. 1 shows a fiber cord with a half pitch fiber arra^f 
which is an example of this type of conventional tape fibers 
The term "half pitch" as used herein means that optical fibers; 
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are arranged at a spacing (around 125 im) of substantially th€! 



half 



of general optical fiber arrangement apacing (typically 
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around 250 fim) as full pitch in fiber cords. In the example oi 
the fiber cord shown in Fig. 1, one end of the fiber cord 111 
with ^ half pitch fiber array is fixed to a half pitch fiber 
array 112 with a pitch of 127 jum, and the fiber cord comprises 
four dapes of a first upper tape IIS^, a second upper tape IIS'^, 
a first lower tape 113a, and a second lower tape 113^ which are 
arranged in two stages. In these tapes (first upper tape 113i, 
second] upper tape llSs. first lower tape llSg. and second lower 
13^) , optical fibers are arranged at a full pitch. 
Fig. 2 shows the sectional structure of this fiber cord 
half pitch fiber array. It is assumed that each of the 
four tkpes of the first upper tape 113^, the second upper tape 
1132, ^-^^ first lower tape llS,, and the second lower tape 113^ 
comprises a 12 -core tape core in which 12 optical fibers 115 
are arjranged, in this example, the pitch of the optical fibers 
each of the tapes 113^ to 113, is 250 jum 
Jfn one end of the fiber cord 111 with a half pitch fiber 
the optical fibers constituting the four 12 -core tape 



tape 1 



with a 



115 in 



20 array, 



core a;re separated one by one into 48 optical fibers 115^ to 
llS^g, Optical connectors llTj to llT^g for ' input/output of 
optical signals are connected to the respective ends of the 
optical fibers 115^ to IIS^^. 
25 Fig. 3 shows the arrangement of optical fibers in a fiber 

aligning section located on the side of an optical waveguide 
(not shjown) - On the inlet side of the half pitch fiber array 
112 shdwn in Fig. 1, 48 optical fibers in total in the fiber 
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cord 111 with a half pitch fiber array shown in Fig. 1 arci 
arransred as shown in Fig. 2. In the fiber aligning section 123 
locat<3d on the opposite side of the inlet side, the optical 
fibers; are arranged in one stage at a pitch of 127 jiim* Thus, 
on the optical waveguide side, the arrangement structure is 
such :hat, in consideration of a demand for multichannel and £ 
reduction in size of devices, the pitch of output side 
waveguides has been reduced to the half of the pitch, that is, 
the half pitch, of the optical fibers 115 on the tapes 113^^ tc 
113^ side. In the fiber cord 111 with a half pitch fiber arrai* 
in this example, a two- stage arrangement structure is adopted 
as sh<f>wn in Fig. 1 or 2 . Therefore, at a portion before the 
fiber aligning section 121, the optical fibers 115 are taken 
out o:ie by one from the upper stage and the lower stage by 
turns and are aligned in the fiber aligning section 121 

Fig. 4 shows the rearrangement of the optical fibers in 
the fi|ber array. The numerals from "1" to "48" in this drawing 
(Fig. 4) and Figs. 1 and 3 designate serial numbers of the 
optical fibers. Even when the numbers of the optical fibers 
llSj tD llS^g are regularly permuted one by one in an ascending 
order on the fiber aligning section 121 side, the optical 
fibers 115^ to 115^^ distributed to and arranged in the four 

tapes 113i to 113^. As a result, on the other end side of the 
fiber cord ill with a half pitch fiber array, as shown in Fig 
1, the optical connectors 117i to llT^g are arranged in 
intermittent permutation. Therefore, workers responsible for 
connection of the optical connectors 117;, to 117^^ should 
perfort) connection work while selecting corresponding optical 
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fiber^ 115, for example, from the first tape 113i and the thircl 
tape 1133. This makes the vork troublesome, requires e 
prolonged work time, and, at the same time, increases th€i 
probability of the incidence of mistakes in the work 

Fig. 5 shows a conventional fiber cord with a half pitch 
fiber array which has overcome the above problems. In Figs- ! 
and like parts are identified with the same reference 

numeriils, and the overlapped explanation thereof will hv. 
omittisd. in this fiber cord 131 with a half pitch fiber array, 
a bran-ching case 132 is provided between the half pitch fiber 
array 112 and the optical connectors 117i to 117^^. 

In the fiber aligning section 121 as the end on thi 
optic il waveguide (not shown) side in the half pitch fiber 
array 112, the optical fibers 115 are regularly arranged one by 
one ib an ascending order as shown in Fig. 3, Therefore, the 
arrangement of the optical fibers 115 between the half pitclji 
fiber array 112 and the branching case 132 is the same as showik 
in Fig. 3. In the branching case 132, the optical fibers ll!l 
arranged in this way are rearranged. Specifically, in th^ 
first tape 133i, optical fibers "1" to "12" in the optica:, 
fiberk 115 are arranged in that order, and, in the second tSLpu 



133^, 



optical fibers *13" to "24" in the optical fibers 115 arci 



arranged in that order. Likewise, in the third tape I333 
opticpLl fibers "25" to "36" in the optical fibers 115 ar4 
arranged in that order, and, in the fourth tape 133^, optica:, 
fibers "37" to "48" in the optical fibers 115 are arranged in 
that ^rder. Therefore, workers can correctly mount the optica], 
connectors 117i to liv^g in a short time. 
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Fig. 6 shows wiring in the interior of the branching case 
tor simplification of the drawing, only optical fibers "l' 



to "2 4" in the optical fibers 115 are shown. The first upper 
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fiber 
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113^ . shown in Fig, 5 and the first lower tape 113^ not 
in Pig. 5 are connected to the left side (half pitch 
array 112 side) in the drawing of the branching case 132 



On tie other hand, the first upper tape 133^ and the first: 



tape 13 both shown in Fig. 5 are connected to the right: 
(optical connectors ll?^^ to llTjj side) in the drawing ot 



the b|ranching case 132. For clarification of the drawing, tho 
first upper tapes lis^, l33i are indicated by a solid line, an<^ 
the flLrst lower capes llSj, 1333 are indicated by a dotted line 
In the interior of the branching case 132. optical fibers ari 
conne::ted so as to realize the change in arrangement of left 
and right optical fibers. In this way, when the branching case* 
132 sliown in Fig. 6 is used, the work of connection between thei 
tape Dptical fiber cord 131 with an optical fiber array and the 
optical connectors IIT^ to liv^g can be smoothly carried oulj: 
withojat difficulty 

The conventional fiber cord 111 with a half pitch fibeir 
array shown in Fig. 5, however, has a problem that, since onf 
end (hereof is fixed to the branching case 132, microbendi 
often occur. Here the term "microbends" means that tho 
applijcation of uneven force to the optical fibers 115 cause^ 
25 bends having a radius which is large and is not negligible ai 
compa|red with the wavelength of light propagated through th(? 
core. When microbends occur, light propagated through the cor^ 
is leaked out from the microbends to the outside of the optica 
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fiber, leading to transmission loss. Due to this unfavorable! 
phenoiiienon, a difference in characteristics occurs among the 
opticiil fibers 115 constituting the tape optical fiber corq 
with tin optical fiber array. 

For example, Japanese Patent Laid-open No, 148480/1994 
discloses a method for preventing the occurrence of microbends 
In this method, before a molded product of a tape optical fibei' 
core is wound, the tape is coated with a silicone oil dissolved 
in a volatile solvent to increase the lubricity of the tape, 
wherel^y the wound state of the tape is improved to avoid tho 
application of uneven force to the optical fiber core and thu£i 
to prevent the occurrence of microbends. The invention solvefi 



the 

produ 



problem of the occurrence of microbends during thej 
tion of the tape optical fiber cord and, at the same time 



15 solvep the problem of the occurrence of microbends during t:h<5 
use df the produced tape optical fiber cord with an optical 
fiber array 

Fig. 7 illustrates microbends which occur during the usi 
of tile tape optical fiber cord with an optical fiber array 
20 using the branching case shown in Pig, 5. The branching cas^j 
132 i|s connected to the tape optical fiber cord 131 with an 
opticfeil fiber array in its end remote from the half pitch fibe]: 
array 112, and the portion between both ends of the tap<^ 
optical fiber cord is partially wound. In the where the cabl^ 
25 is disposed between communication devices not shown. it i$ 
commoa practice to use a tape optical fiber cord 131, with aili 
optical fiber array, having a length which is somewhat largei: 
than necessary, for example, in consideration of relocation ot 
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the devices in the future. In this case, the cord portioi 
between both ends of the tape optical fiber cord is partially 
wound by a predetermined number of times to regulate the whol€ 
lengtl|i . 

In Pig. 7, for easy understanding of the explanation, as 
with tig. 6, the first upper tape llS^ is indicated by a solic 
line, and the first lower tape 11^3 is indicated by a dotted 
line. The half pitch fiber array 112 is fixed to the left enc 
in trie drawing of the tape optical fiber cord 131 with art 
opticf.1 fiber array, and the branching case 132 is fixed to the 
right end of the tape optical fiber cord 131 with an optical 
fiber array. The lengths of the first upper tape 113^ and the 
first lower tape 113^ between the half pitch fiber array 112 
and the branching case 13 2 are equal to each other 

Assuming that the cord portion between both ends of the 
tape optical fiber cord 131 with an optical fiber array ie 
partially wound in a given direction once or by a plurality of 



times 



that, as shown in the drawing, in the ring- like bent 



porti<f>n, the first upper tape 113^ is placed inside the first 
lower tape 113^, and that the ring- like bent portion is round, 
the rjadius Ri of the circle in the first upper tape 113i is 
small<5r than the radius R2 of the circle in the first lowei 
tape L133. Therefore, the length of the circumference in the 
first upper tape 113^ is shorter than the length of the 
circuihf erence in the first lower tape II33, since the lengths 
of the first upper tape 113^, and the first lower tape II33 
betwe<m the half pitch fiber array 112 and the branching cas€ 
132 are equal to each other, in the unbent straight portion. 
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the f;.rst upper tape 113-l is longer by the difference in leng.tli 
in. tho ring- like bent portion than the first lower tape II33, . 

This length difference can be determined by equation (1) 

Al = 27rtm ... (1) 

where:. n 

Al represents length difference; 

t represents spacing between the core of the first uppei 
tape 113i and the core of the first lower tape 113^ in the 
thicknesswise direction in the tape optical fiber cord 131 witt 
an opl:ical fiber array; and 

m represents the number of times of winding in the ring- 
like bent portion ► 

The optical fibers undergo local stress under positional 
restr:.ction, for example, by a covering material at several 
sites between both ends of the tape to absorb the excess of 
length of the first upper tape ll3i. As a result, the optical 
fiberjs are bent, and microbends 134 occur. A fluctuation ir3 
environment temperature also accelerates the occurrence of 
microbends . 

In the above explanation, although a two- stage. two 
column tape optical fiber cord 131 with an optical fiber array 
has b(ien taken as an example, any multistage tape optical fiber 
cord aith an optical fiber array has a possibility of posing 
the Scime problem of occurrence of microbends as described above 
Further, in the above explanation; although the use of the 
branching case 13 2 for changing the arrangement of the optical 
fiberff 115 has been taken as an example, the fixation of the 
optical fiber cord in its end remote from the optical waveguide 
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by anjf meana poses the same problem as described above. 

SUMMARY OP THE INVENTION 

Accordingly, it is an object of the invention to provide 
a tap^ optical fiber cord with an optical fiber array which 
even j/hen a tape fiber, in which a plurality of optical fibers 
have oeen arranged, has been bent in its portion between bott 
ends thereof, local microbending of the optical fibers can b€ 
minim:, zed . 

The features of the invention will be summarized below. 
(1) A tape optical fiber cord with an optical fiber array 
comprising: (i) a fiber array connected to an optical 
waveguide; and (ii) a tape fiber comprising a tape core section 
producfed by aligning a plurality of optical fibers to be fixed 
fiber array and forming the whole of the aligned optical 
fibers into a tape, said tape core section being disposed on 
the f ixation side of the fiber array, said tape fiber in its 
predetermined position, remote from the tape core section, 
havinc been fixed, said plurality of optical fibers having been 
ted, at a part or the whole of the position intermediate 
between the two fixed portions, into a predetermined number of 
optica[l fiber units which is smaller in number than said 
ity of optical fibers. 

In the tape optical fiber cord with an optical fiber 
in the above item (1), one end of a tape fiber is fixed 
fiber array connected to an optical waveguide. in the 
iber per se, a tape core section produced by aligning a 
ity of optical fibers and forming the whole of the 
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opticiLl fibers into a tape is provided in the fiber array or 
its fixation side, and the tape fiber in its predetermined, 
position remote from the end fixed to the fiber array on its 
fixation side is fixed, in a part or the whole of the positior 
5 interuediate between the two fixed portions, the plurality of 
optiCeLl fibers are separated into a predetermined number of 
optical fiber units. Therefore, upon the application of force 
in tho bending direction to the tape fiber, the optical fibers 
are f ceely deformed independently of one another according tc 

10 the applied force, and the direction of deformation by other 
opticcil fibers or the covering member is not restricted 
ThereJore, force, which locally deforms the optical fibers, is 
less likely to be applied, and, thus, the occurrence of 
microbends can be effectively avoided. 

15 (2) A tape optical fiber cord with an optical fiber array 

comprising: (i) a fiber array connected to an optical 
wavegiide; and (ii) a tape fiber comprising a tape core section 
produced by aligning, in a plurality of stages, a plurality of 
opticcl fibers to be fixed to the fiber array and forming the 

20 whole of the aligned optical fibers into a tape, said tape core 
secticn being disposed on the fixation side of the fiber array, 
said t:ape fiber in its predetermined position* remote from the 
tape core section, having been fixed, said plurality of optical 
fibers having been separated, at a part or the whole of the 

25 position intermediate between the two fixed portions, into a 
predetermined number of optical fiber units which is smaller in 
number than said plurality of optical fibers. 

In the tape optical fiber cord with an optical fiber 
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array in the above item (2) , one end of a tape fiber is fixeci 
to a fiber array connected to an optical waveguide. In the; 
tape ^iber per se, a tape core section produced by aligning, in 
a plx^rality of stages, a plurality of optical fibers anci 
the whole of the optical fibers into a tape is providecL 
fiber array on its fixation eide, and the tape fiber in 
Elredetermined position remote from the end fixed to th€t 
array on its fixation side is fixed. In a part or th^^ 
of the position intermediate between the two fixeci 
, the plurality of optical fibers are separated into c, 
number of optical fiber units which is smaller ir^ 
than the number of the plurality of optical fibers 
ore, even when there is a difference in length betweei 
ter circumference and the inner circumference derived! 
stages such as upper and lower stages, upon thcj 
nation of force in the bending direction to the tape fiber 
cjptical fibers are freely deformed independently of ono 
according to the applied force, and the direction oi: 
tion by other optical fibers or the covering member i 
tricted. Therefore, force, which locally deforms th4 
1 fibers, is less likely to be applied, and, thus, th4 

of microbends can be effectively avoided. 
(3) A tape optical fiber cord with an optical fiber array 
sing: (i) a fiber array connected to an optica] 
lide; and (ii) a tape fiber comprising a tape core eectioiL 
ed by aligning, in a plurality of stages, a plurality of 
fibers to be fixed to the fiber array and forming the 
of the aligned optical fibers into a tape, said tape cor^i 
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array 
to a 



sectiijjn being disposed on the fixation side of che fiber array, 
said tape fiber in its predetermined position, remote from the 
tape core section, having been fixed, said plurality of optical 
fibers having been arranged, at the position intermediate: 
between the two fixed portions, in one stage, one by one; 
parallel to one another and having been formed into a tape. 

in the tape optical fiber cord with an optical fiber 
in the above item (3) , one end of a tape fiber is fixecl 
fiber array connected to an optical waveguide. in th^i 
10 tape tiber per se, a tape core section produced by aligning, in 
a plurality of stages, a plurality of optical fibers and 
forming the whole of the optical fibers into a tape is provided 
in the fiber array on its fixation side, and the tape fiber in 
its Efredetermined position remote from the end fixed to thes 
array on its fixation side is fixed. The plurality oil 
optical fibers are arranged, at the position intermediate 
between the two fixed portions, in a one stage construction 
one byr one parallel to one another and are formed into a tape 
Therefore, the width of this tape portion is increased 
20 accoriing to the number of stages in the tape fiber, Unlik^ 
:ord described in the above item (2), even when this tap 
LDn is bent in a direction orthogonal to the width, an]l 



IS fiber 



the c 
porti 



diffejrence in length derived from stages such as upper an(J 
lower stages does not occur between the inner circumference ancji 
25 the Duter circumference. Therefore, force, which locally 
deforjfns the optical fibers, is less likely to be applied, and, 
the occurrence of microbends can be effectively avoided 



thus 



Further, since this large -width portion has been formed into 



m\ 



tape, 
this 
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tape 
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the cord can be easy to handle even when the length of 
t^ape portion is long, 
(4) The tape optical fiber cord with an optical fibei 
according to the above item (1) or (2), wherein, in the 
fiber, the region in which said plvtrality of optical 
have been separated into a predetermined number of 
fiber units which is smaller in number than said 
ity of optical fibers, has been covered with a protective 
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According to the tape optical fiber cord with an optical 
array in the above item (4), in the position intermediate 
both the ends of the tape optical fiber cord with an 
1 fiber array according to the above item (1) or (2) , the 
ity of optical fibers are separated into a predetermined 
of optical fiber units which is smaller in number than 
of the plurality of optical fibers. This portion is 
with a protective tube for protection purposes. When 
otective tube is provided, the cord is easy to handle 
v^hen the length of this portion is long, 
(5) The tape optical fiber cord with an optical fiber 
according to the above item (3), wherein the portion, in 
said plurality of optical fibers have been arranged in 
:age one by one parallel to one another and have been 

into a tape, has been covered with a protective tube. 
According to the tape optical fiber cord with an optical 
array in the above item (5), in the tape optical fiber 
th an optical fiber array according to the above item 
protective tube is provided for protecting a large-width 
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portion in which the plurality of optical fibers have be^er 
arrancred in one stage one by one parallel to one another anc 
have l|)een formed into a tape. 

(6) The tape optical fiber cord with an optical fibei 
according to the above item (4) or (5), wherein the 



array 



prote<2tive tube has been fixed at the predetermined position oi 



a pos 



fiber 



.tion near the predetermined position. 
According to the tape optical fiber cord with an optica] 
array in the above item (6), the protective tube is fixec, 



at the predetermined position, where the tape fiber has beer 
fixed! or a position near the predetermined position. Foi 
examp:.e, when the tape fiber has been fixed within c 
predetermined case, the protective tube is fixed to the case ir 
position where the tape fiber has been fixed, ox- 
alternatively the protective tube is fixed at the end of th€: 
case. The fixation of the protective tube at the predetermined, 
posit:Lon or a position near the predetermined position car, 
facilitate the fixation. 

(7) The tape optical fiber cord with an optical fibei- 
according to any one of the above items (i) to (3), 
whereiLn a rearrangement section for rearranging the optical 
fiber!? is provided at the predetermined posit-lon or a positior 
near j:he predetermined position. 

According to the tape optical fiber cord with an optical 
array in the above item (7), since the tape fiber i 
at the predetermined position and the end of the 
prote(;tive tube is also fixed at the predetermined position, e 
rearrangement section is provided in this portion. 
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(8) The tape optical fiber cord with an optical fibei 
according to the above item (4) or (5), wherein s 
rearrangement section for rearranging the optical fibers is 
provided at the predetermined position or a position near the 
predei:ermined position, and one end of the protective tube has 
been Eixed to one end of a case containing the rearrangement 
section. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (8), the end of the case for 
housing therein the rearrangement section is used for the 
fixation of the protective tube. The fixation of the 
protective tube to the end of the case facilitates the fixation 
work and further can eliminate the need to make the inner 
diamet:er of the case larger than the size of the protective 
tube . 

{9) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5). wherein a 
rearrangement section for rearranging the optical fibers is 
provided at the predetermined position or a position near the 
predetermined position, and one end of the protective tube has 
Eixed within a case containing the rearrangement section. 
According to the tape optical fiber cord with an optical 
array in the above item (9), the interior of the case for 
housing therein the rearrangement section is used for the 
fixation of the protective tube. The fixation of the 
protective tube within the case enables the protective tube to 
be stably mounted. 

(10) The tape optical fiber cord with an optical fiber 
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according to the above item (3), wherein said pluralit^^ 
of opcical fibers fixed to the fib^r array are arranged in a 
plurality of columns and in a plurality of stages, and the 
whole of the optical fibers has been formed into a tape. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (10) , the plurality of optical 
fiber?! fixed to the fiber array may be arranged in a plurality 
of stages and, in addition, may be arranged in a plurality of 
columr.s of one stage. 

(11) The tape optical fiber cord with an optical fiber 
array according to the above item (10), wherein the number of 
columns is 2 and the number of stages is 2. 

The above item (il) defines a representative example of 
the tape optical fiber cord with an optical fiber array 
according to the above item (10), wherein the number of columns 
is 2 end the number of stages is 2. The number of columns may 
be a lvalue other than 2. and the number of stages may be a 
value other than 2. Further, on each stage may be provided a 
set of a plurality of optical fibers having a different number 
of columns. 

(12) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5), wherein only one 
end of the protective tube has been fixed. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (12) , since only one end of the 
protective tube is fixed, when the tube has been bent, the 
other snd of the protective tube can be freely moved. This can 
reduce force applied to the optical fibers provided within the 
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protetptive tube. 

(13) Tlie tape optical fiber cord with an optical fibei 
according to the above item (4) , wherein the protective 
;ias been fixed to optical fibers in a part of the regior. 
Che said plurality of optical fibers have been separatee 
one b^ one. 

The above item (13) defines an effective fixation foriSi 
than the fixation of one end of the protective tube. Ie 
a part of the region where the plurality of optical fibers have 
separated one by one, the protective tube may be brought 
contact with the optical fibers to fix the protective tube 



other 



10 been 
into 



In th:.s case, when the region, in which the protective tube has 



been 



Kixed by the optical fibers, is long, unnecessary force ie 



applied to this region. Therefore, the protective tube is 
15 fixed by a part of the optical fibers. In the fixation site, 
there is no need to bring the protective tube into contact with 
all tljie optical fibers 

(14) The tape optical fiber cord with an optical fibex 
array according to the above item (5) , wherein, in a part of 
20 the region in which said plurality of optical fibers have been 
arranged in one stage one by one parallel to one another and 
have jbeen formed into a tape, the protective tube has been 
fixed by the optical fiber tape 

According to the tape optical fiber cord with an optical 
fiber array in the above item (14), as with the tape optical 
fiber cord with an optical fiber array according to the above 
item (13) , the protective tube may be fixed in a part of the 
large- width tape portion 
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(15) The tape optical fiber cord with an optical fiber 
according to the above item (7) , wherein the order oi 
arrangement of the optical fibers delivered from tho. 
rearriingement section in its side remote from the fiber arraj' 
is identical to the order of arrangement of the optical fibers, 
in ths fiber array on the optical waveguide side. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (15), the rearrangement sectioti 
makes the arrangement of the optical fibers, in connections, 

ii 

I 10 such is connectors, on the opposite side of optical fiber array, 
1 identical to the arrangement of the optical fiber on th«: 

opticjil waveguide side. As defined in the above item (3), when 
the plurality of optical fibers are arranged, at the positior: 
intermediate between the two fixed portions, in a one stage 
15 construction, one by one parallel to one another and are formed 
into a tape, if the arrangement of the optical fibers is 
identical to the arrangement of the optical fibers on the^ 
opticiil waveguide side, there is no need to provide the 
rearrangement section at a position between both the ends of 
the tape optical fiber cord with an optical fiber array. 

(16) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or ' (5) , wherein th€ 
prote|:tive tube is formed of a flame- retardant material. 

According to the tape optical fiber cord with an optical 
array in the above item (16) , the flame redundancy of the 
protective tube can protect the optical fibers. 

(17) The tape optical fiber cord with an optical fiber 
according to the above item (4) or (5), wherein the 



20 



25 fiber 



array 
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protective tube has been fixed to the fiber array on its; 
fixatuon side 

As defined in the above item (6) , the protective tube ma^ 
be fixed at the predetermined position or a position near th<! 
prede :erxuiiied position. Alternatively, the protective tube may 
be fiKed to the fiber array on its fixation side which is tha 
opposite side of the predetermined position, when any one end 
of ths protective tube is a free end, the degree of freedom of 
the pfotective tube can be ensured. 

(18) The tape optical fiber cord with an optical fibei 
array according to any one of the above items (1) to (3), 
wherein the pitch of the optical fibers in the fiber array ici 
the h^lf of the pitch (half pitch) of the optical fibers in th4 
tape fiber. 

According to the tape optical fiber cord with an optica], 
fiber array in the above item (18), when the tape fiber has 5l 
constjruction such that the optical fibers are arranged at at 
full pitch, for example, at a pitch of 270 jum, in two stages, 
this [tape fiber may foe fixed to a half pitch fiber array. In 
this connection, it should be noted that a tape fiber of c. 
pitch other than the above pitch and a fiber array of a pitch 
other than the above pitch may also be of course used 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail ir, 

conju:[iction with the appended drawings, wherein: 

Fig, 1 is a plan view showing an example of th^. 
convehtional fiber cord with a half pitch fiber array; 



2002$ 2fi21B mm HIRATA&FARTMERS 



15 



25 



NO. 6719 P. 28 



20 



Pig. 2 is a cross -sectional view of the center portion ol; 
the f:Lber cord with a half pitch fiber array shown in Fig. 1 

Fig. 3 is a plan view showing the arrangement of optical, 
fibers in a fiber aligning section on the side of the? 
5 conventional fiber array; 

Pig. 4 is an explanatory view showing the rearrangement: 
of ths individual fibers in the fiber array shown in Fig. l? 

Pig- 5 is a plan view showing an example of thu 
conveiitional fiber cord with a half pitch fiber array provided 
10 with i\ branching case; 

Fig. 6 is an explanatory view showing a part of wirinc 
withi:i the branching case shown in Pig. 5; 

Fig. 7 is an explanatory view showing the occurrence of 
inicro::>ends in the conventional tape optical fiber cord with an 
optica fiber array using a branching case; 

Fig. a is a top view of a tape optical fiber cord with an 
opticil fiber array in a first preferred embodiment of th^i 
inven :ion; 

Fig, 9 is a cross -sectional view showing an arrangement; 
ture of a tape portion in its site at which the tape is 
to a half pitch fiber arrays- 
Fig. 10 is an explanatory view showing the arrangement oi 
opticil fibers in a fiber aligning section located on a fiber 
side on the side of an optical waveguide (not shown) ; 
Pig. 11 is a side view of the fiber cord with a halt 
fiber array shown in Fig. 8; 

Fig. 12 is an enlarged explanatory view of a wound 
portion of the fiber cord with a half pitch fiber array in the 
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an op 



preferred embodiment; 

Fig, 13 is a top view of a tape optical fiber cord witli 
itical fiber array in a second preferred embodiment of th«: 
inven ;ion; 

Fig. 14 is a side view of the tape optical fiber corcl 
with m optical fiber array in the second preferred embodiroent ; 

Fig. 15 is a top view of a tape optical fiber cord with 
an optical fiber array in a third preferred embodiment of th€i 
inven : ion; 

Fig. 16 is a side view of the tape optical fiber cor^ 
with m optical fiber array in the third preferred embodiment; 

Fig. 17 is a top view of a tape optical fiber cord with 
an optical fiber array in a fourth preferred embodiment of th^ 
invention; 

Fig. 19 is a side view of the tape optical fiber cord 
xn optical fiber array in the fourth preferred embodiment; 
Fig. 19 is a top view of a tape optical fiber cord with 
an optical fiber array in a fifth preferred embodiment of thci 
invention; 

Fig, 20 is a side view of the tape optical fiber corcl 
with an optical fiber array in the fifth preferred embodiment; 

Fig. 21 is a top view of a tape optical fiber cord with 
an optical fiber array in a sixth preferred embodiment of thi 
invention; 

Pig. 22 is a side view of the tape optical fiber corcl 
an optical fiber array in the sixth preferred embodiment; 
Fig. 23 is a plan view of the principal part of a variani 
of thje invention in which, in the tape, the optical fibers are? 



with 



with 
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separated two fibers by two fibers; 

Fig. 24 is a plan view of the principal part of anothei 
variajit of the invention in which, in a part of the tape, the; 
opticiil fibers are separated one fiber by one fiber; 
5 Fig, 25 is a plan view of the principal part of a variant, 

of the invention in which, in two parts of the tape, thi\ 
opticil fibers are separated one fiber by one fiber or s 
plurality of fibers by a plurality of fibers; 

Fig, 26 is an explanatory view showing the relationshijr 
10 between the half pitch fiber array and the fiber allgnincr 
section in the preferred embodiment of the invention; and 

Fig. 27 is an explanatory view of a variant of thei 
invention showing a comparison of the pitch in a three -stag?? 
stack5d fiber array with the pitch in a fiber aligning section 

15 



fiber 
A tap 
25 on it 

optic 



DESCRIPTION OF TH E PREFERR ED EMBOnTMTCWTS 

Preferred embodiments of the tape optical fiber cord with 

an 0]>tical fiber array according to the invention will bo 

explained in detail in conjunction with the accompanying 
20 drawings. 

< First preferred embodiment > 

Fig. 8 shows a tape optical fiber cord with an optica:, 
array in the first preferred embodiment of the invention 
e optical fiber cord 201 with an optical fiber array hafi 
s one end a half pitch fiber array 202 connected to an 
al waveguide (not shown) . One end of a tape fiber 203 in 



two columns of two stages is fixed to the half pitch fiber 
array 202. This tape fiber 203 comprises tapes arranged in twc» 
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upper 

fiber 
10 porti 



columiis of two stages, i.e., a first upper tape 204^^, a second 
upper tape 2042, ^ first lower tape 2043, and a second lower 
tape ^04^j each comprising 12 -core tape core. In Pig. 8, howevei , 
only the first upper tape 204;^ and the second upper tape 2 04 
are shown, and two tapes of the first lower tape 2043 and th€i 
seconi lower tape 204^ are hidden respectively by the first: 
tape 204j and the second upper tape 204^ and are not shown 
The tape fiber 203 in its side fixed to the half pitch 
array 202 is covered over a length LI, and. after that 
pn, the cover is not provided, and the fibers ar<i 
separated one by one into array-side optical fibers 205i to 
205,a. 
205,e 
is f i 



The other end of the array- side optical fibers 205^ to 
is inserted into a branching case 207 . The tape fiber 20:i 
Ixed in a fixation section 208 within the branching cas«> 
207 to the case. If necessary, the form of the fibers are^ 
returned to tapes 204^ to 204^, arranged in two columns of two 
stages, which are then connected to one end of a branchin<r 
section 2 09. The branching section 209 has the samn 
construction as the branching case 132 shown in Fig. 5 and ar<i 
constructed so that the array- side optical fibers 205^ to 205^5 
arrangred in the same manner as in the first upper tape 2 04^ tc? 
Second lower tape 2 04^ are rearranged in' the order of th«j 



the s 



serial numbers from "l« to "48." One end of each of connector 



side 
2 5 array 
other 
212,, 



optical fibers 211^ to 211^0 associated one by one with th(i 
-side optical fibers 205^ to 205,9 is connected to th(j 
end of the branching section 209, and connectors 212^ to 
are connected respectively to the other end of these 



connector- side optical fibers 211^ to 211^ 
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than 

205,3 
with 



IS tube 
array 



In the tape optical fiber cord 201 with an optical fibei 
in this first preferred embodiment, one end of z 
prote(itive tube 214 is fixed to the fixation section 208 in th^i 
interior of the branching case 207. The protective tube 214 is; 
formeii of a tubular covering member which is somewhat larger 
the whole size of the array- side optical fibers 205^ to 
so as to cover the array-side optical fibers 205^ to 205^, 
:he protective tube 214 while leaving a Bome space between 
the protective tube 214 and the array- side optical fibers 205 ^ 
to 2(i5,g, and the half pitch fiber array 202 side of tho 
protective tube 214 is opened without being fixed. Tho 
protective tube 214 functions to protect the array- side optica], 
fibers 205^ to 205^^ in which the covering of the tape fiber 201 
has been peeled off. Accordingly, the length of the protective 
214 is set so as to cover the cover-peeled portion in tho 
-side optical fibers 205^ to 205^^* 
Fig. 9 shows arrangement structure of a tape fiber in 
its site at which the tape is fixed to a half pitch fiber array, 
is preferred embodiment, each of the four tapes of the; 
upper tape 204^, the second upper tape 204^, the first 
tape 2043, and the second lower tape 204^ comprises a 12- 
tape core in which 12 optical fibers 2d5 are arranged in 
tape. In this preferred embodiment, the pitch (spacing) 
of the optical fibers 205 in each of the tapes 204, to 204, is; 
25 0 ju|n , 

Fig. 10 shows the arrangement of optical fibers in £l 
aligning section on the side of an optical waveguide (not; 



In tl: 
first 
lower 
core 
each 



fiber 



shown) . On the inlet side of the half pitch fiber array 202 
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in total) array- side optical fibers 205^ to 205, 
constLtuting the fiber cord 201 with a half pitch fiber array 



shown 



in Fig. 8 are arranged as shown in fig. 9. In the fibea: 
aligning section 231 located on the opposite side of the inlel: 



5 side. 



pitch 
10 the p 
side, 
cord 



the optical fibers are arranged in one stage at a pitch 
of 127 ijm. Thus, on the optical waveguide side, th<i 
arranjement structure is such that, in consideration of a 
demani for multichannel and a reduction in size of devices, th(j 
of output side waveguides has been reduced to the half oJi 
itch of the optical fibers 205 on the tapes 204^ to 204 j 
that is, the half pitch. The tape portion in the fiber 
201 with a half pitch fiber array is constructed so that: 



the tapes are arranged in two columns of two stages. Therefore 



in a 
15 optic 
stage 



pitch 
2 0 branc 



position before the fiber aligning section 231, the 
al fibers 2 05 are taken out one by one from the upper 
and the lower stage by turns and are aligned in the fibei: 
aligning section 231. 

Fig. 11 is a side view of the fiber cord with a halj^ 
fiber array shown in Fig. 8. in Figs. 11 and 8. a 
iiing case 207 is disposed at substantially the cente:' 



portion of the tape optical fiber cord 201 with an optica]. 



fiber 
only, 
fiber 



array. The construction, however, is not limited to thiti 
When the tape optical fiber cord 201 with an optica: 
array per se is relatively long, the distance from th(j 



25 branching case 207 to the half pitch fiber array 202 is in some 
relatively short. In this case, in only a portion around 



cases 



the end of the half pitch fiber array 202 side in the tapes oi^ 
204^ |:o 204^ arranged in two columns of two stages, the array 



2002$2fi213 mm HIRATA&PART^ERS 



m. 6/19 



3^ 



26 



side 
this 



Dptical fibers 205^ to 205^^ are separated one by one, ami 
portion is covered with the covering tube 214 



major 
fiber 
two s 



Speciiically, as shown in Figs. 8 and 11, in some cases, in a 



part of the tape optical fiber cord 201 with an optica:, 
array, the tapes 204i to 204^ arranged in two columns oi: 
tages are separated one by one into the array- side optica], 
fibers 205^ to 205^^, and, in another case, in only a small part 
of th> tape optical fiber cord 201 with an optical fiber array, 
the tipes 204i to 2 04, arranged in two columns of two stages aro 
ted one by one into the array* side optical fibers 205i to 



10 separ 
205,, 



side 



Likewise, in this preferred embodiment, the connector 
optical fibers 211, to 211^8 are separated one by one and 



delivered from the branching case 207, and the connectors 212 
are connected respectively to the ends of these fibers 



15 to 21 



tapes 
20 the I 



where 
pref e 
25 has t 



The construction, however, is not limited to this only. When 
the distance from the branching case 207 to the connectors 212 ^ 
to 2]2^p is long, a construction may be adopted wherein th<i 
arranged in two columns of two stages are delivered fron 
ranching case 207 and the connector- side optical fibers 
211i t:o 21I48 are separated halfway one by one. 

Pig. 12 shows the behavior of optical fibers in the cas<j 
the fiber cord with a half pitch fiber array, in thin 
rred embodiment, in its portion around the branching case 
een wound. Here, however, for easy understanding of the 
drawikg, only two optical fibers, i.e., one connector- sido 
optical fiber 211, in the first upper tape 204, and onj 
connector-side optical fiber 211,, in the second lower tape 204, 
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are sliown. 

As shown in this drawing, when the protective tube 214 is: 
wound BO that the second lower tape 204^ side has a largei' 
diainei:er. in this wound portion, the length of the connector- 
5 side optical fiber 211^ becomes larger than the length of the 
connector- side optical fiber 2114^. However, both the 

conne<jtor- side optical fibers 211^ and 211«a can freely deform 
their position within the protective tube 214 and can be flexed 
so as to draw a moderate wave to absorb the excess of th€ 

10 length. Therefore, even when the length of the connector- side 
opticEil fiber 211^ has become larger than the length of the 
connector-side optical fiber 211^^, stress is not locally 
appli€:d within the protective tube 214 and, thus, thf^ 
oGGurience of inicrobends can be effectively prevented. 

15 <Secor.d preferred embodiment> 

Pig. 13 is a top view of a tape optical fiber cord with 
an op:ical fiber array in the second preferred embodiment of 
the i:avention, and Fig, 14 a side view of the tape optical 
fiber cord with an optical fiber array in the second preferred 

20 embodiment. In Figs. 8, 13, and 14, like parts are identified 
with the same reference numerals, and the overlapped 
explanation thereof will be omitted. A tape optical fiber cord 
301 with an optical fiber array in this second preferred 
embodiment has on its one end a half pitch fiber array 202, 

25 The tcLpe optical fiber cord 301 with an optical fiber array 
comprises four tapes arranged in two columns of two stages, 
i,e., a first upper tape 204i, a second upper tape 204j, a first 
lower tape 2043. and a second lower tape 204^ each comprising 
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12 -core tape core. in Fig. 13, however, as with Fig. 8, only 
irst upper tape 204^^ and the second upper tape 204^ ar^i 



The tape fiber 203 in its side fixed to the half pitch 
array 2 02 is covered over a length Ll and comprises tapesi 
204i i:o 204^ arranged in two columns of two stages, and, aftei' 
that portion, the cover is not provided, and the fibers ar^i 
separated one by one into array- side optical fibers 205, ti 



205,e 
205,, 



The other end of the array- side optical fibers 205^ tci 
is inserted into a branching case 3 07. The tape fiber 20^ 
is fixed in a fixation section 30a within the branching case 
3 07 directly to the case. If necessary, the form of the fibers 
are returned to tapes 204, to 204, and arranged in two columns 
of two stages, which are then connected to one end of 
brancjiing section 209. One end of each of connector- sid€ 
opticiil fibers 211^ to 211^^ associated one by one with th€ 
■side optical fibers 205^^ to 205,g is connected to th€ 
side of the branching section 209, and connectors 212, tc 
are connected respectively to the other end of these 
connejrtor- side optical fibers 211^ to 211^5. 

In the tape optical fiber cord 201 with an optical fiber 
in this second preferred embodiment", one end of a 
protective tube 314 is fixed to the branching case 307 in its 
end 0:1 the half pitch fiber array 202 side. The length of the 
protective tube 314 is set so as to cover the cover-peeled 
portion in the array- side optical fibers 205^ to 205^9. The 
branching case 307 may be identical to the branching case 207 
the first preferred embodiment. In this preferred 
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embodiment, however, a protective tube is used wherein the si'z€ 
of th3 tube has been reduced by a length created from the fact 
that the protective tube 314 has not been inserted into the 
branching case 

5 In this Second preferred embodiment, one end of the 

protective tube 314 is fixed to the end of the branching case 
307. Alternatively, the protective tube 314 may not be fixed 
to ths branching case 3 07 per se, and^ instead, may be fixed 
with in adhesive or the like to the array- side optical fibers 
10 205i to 205^6 only in their predetermined portion, for example, 
around the end of the branching case 307 . In this case, the 
protective tube 314 is not necessarily fixed to all the array 
side optical fibers 205^ to 205^^ and may be fixed to a part of 
the airay-side optical fibers 205^ to 205^^ 
15 <ThircL preferred embodiment> 

Fig. 15 is a top view of a tape optical fiber cord with 
an opt;ical fiber array in the third preferred embodiment of the 
inventj.ion, and Fig. 16 a side view of the tape optical fiber 
cord with an optical fiber array in the third preferred 
20 embodijment- In Figs. 8, 13, 15 and 16, like parte are 
identified with the same reference numerals, and the overlapped 
explailation thereof will be omitted. A tape optical fiber cord 
401 with an optical fiber array in this third preferred 
embodijment is the same as the tape optical fiber cord 3 01 with 
25 an optical fiber array in the second preferred embodiment, 
excepcj that the protective tube 314 is not provided. 
Accordlingly, the array- side optical fibers 205^ to 2054^ are 



fixed 



as a bundle of the array-side optical fibers 205^ to 205^ 
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the tape fiber 203 comprising the tapes 204, to 204 
in two columns of two stages, in the fixation section 
thin the branching case 3 07, directly to the case. 
Thus, in the tape optical fiber cord 401 with an optical 
array in the third preferred embodiment, the array- sid^i 
fibers 205i to 205^^ are separated one by one in a. 
section between the half pitch fiber array 2 02 and the 
case 307. Further, since the protective tube 314 
in Fig. 13 is not provided, the array- side optical fibers 
20 5„ can be more freely flexed one by one. Therefore, 
force is not locally applied to these optical fibers 
(f:an more effectively prevent the occurrence of microbends 
preferred embodiment > 
Pig. 17 is a top view of a tape optical fiber cord witt 
tical fiber array in the fourth preferred embodiment of 
ipvention, and Pig. 16 a side view of the tape optical 
cord with an optical fiber array in the fourth preferred 
^ment. In Figs. 8, 17, and 18, like parts are identified 
the same reference numerals, and the overlapped 
ation thereof will be omitted. In a tape optical fiber 
501 with an optical fiber array in the fourth preferred 
the fibers in the tape fiber 203/ comprising tapes 
in two columns of two stages, in its end remote from 
fixed to the half pitch fiber array 202 are separated 
one as array- side optical fibers 205^ to 205^5 . In this 
these array- side optical fibers 205^ to 205^^ are 
ged in one stage by taking out the optical fibers one by 
the first upper tape 204^ and the first lower tape 2O43 



end 



by 
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10 



15 



by turns and arranging these optical fibers in the same manner 
as described above in connection with the arrangement of the 
fiberj? in one stage in the fiber aligning section 231 shown ii. 
Pig, 10 and, likewise, taking out the optical fibers one by on€: 
from the second upper tape 204^ and the second lower tape 204 
by turns and arranging these optical fibers. Therefore, 
aasumLng that the spacings among the optical fibers ar^: 
identical to one another, the whole width of the array- sidei 
opticiil fibers 205^ to 205^3, which have been separated one b^' 
one aad have been arranged in one stage, is twice, i.e*, 2Tw, 
the width Tw of the two-stage portion. That is, the width in 
the portion is about twice the width in the same portion in thei 
preferred embodiment shown in Fig. 8, 

It is a matter of course that the spacing among thci 
optical fibers (pitch) in the large width portion which ha£i 
changed to a one stage construction may be made smallei" 
the spacings among the optical fibers (pitch) in the two- 
portion. In this case, the width in the one-stag^j 
porti'Dn can be brought to substantially the same value as tho. 



first 



been 
than 
stage 



20 width 



side 
branc 



25 



Tw in the two- stage portion. 

As described above in connection with the preferred 
embodiment shown in Fig. 17, when the whole width of the array - 
optical fibers 205^ to 205^b is increased, the width of thci 
ling case 507 should be increased. The array- side optica] 
fibers 205^ to 205, g are fixed in a fixation section 508 within 
the ;oranching case 507 to the case. In this preferred 
embodiment, the array- side optical fibers 205^ to 205^^ have 
already been changed to a one -stage construction and aro 
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arranged from "1" to "4 8" in an ascending order. Therefore 
the ijiside of the branching case 507 is hollowi and, vinlike thei 
brandling section 209 in the first preferred embodiment, an^ 
devicii for rearrangement of the fibers is not provided. Ir 
this preferred embodiment, the array- side optical fibers 205 



to 2i)5is are passed through the branching case 507. 



connec: 



and 



:tors 212^ to 212^^ are connected respectively to the ends 
of th€^ fibers. 

In some tape optical fiber cord 501 with an optical fiber 
array, the distance between the branching case 507 and the 
connedtors 2123^ to 2124^ is relatively long. In this case, when 
the ai ray- side optical fibers 205^ to 205^5 are in the state of 

being separated one by one on ths outlet side of the branching 
case 5 07, there is a fear that it is difficult to confirm the 



order 



of the fibers. When the above fear exists, as shown in 



Fig. 5, a method may be adopted wherein tapes arranged, for 
example, in two columns of two stages are delivered from the 
branching case 507, and, at a position near the connectors 2l2i 
to 212L, the fibers are separated one by one. When this method 
is adojpted, a branching section for changing the arrangement of 
the array- side optical fibers 205^ to 205^^ should be provided 
within the branching case 507, 

::n this preferred embodiment, one end of the protective 
tube 5:l4 is fixed to the branching case 507 in its end on the 
half ^itch fiber array 202 side. The other end of the 
protective tube 514 is extended to a portion near the half 
pitch fiber array 202. In this case, as with the above 
preferxed embodiment, the other end of the protective tube 514 
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is not fixed to the half pitch fiber array 202. 
<Pift]i preferred embodiment > 

Fig. 19 is a top view of a tape optical fiber cord witl. 
an optical fiber array in the fifth preferred embodiment of thei 
inveniion, and Pig. 20 a side view of the tape optical fibea' 



cord 



embod Lment 



ident 



Lfied with the same reference numerals, and the overlapped 



array 



with an optical fiber array in the fifth preferred 



In Figs- 8, 17, 19, and 20, like parts ares 



expla:iation thereof will be omitted, In the tape optical fibea 
cord 6 01 with an optical fiber array in the fifth preferreci 
embodiment, as with the tape optical fiber cord 501 with art 
opticil fiber array in the fourth preferred embodiment, th^; 
fibers in the tape fiber 203, comprising tapes arranged in t\fc 
columns of two stages, in its end remote from the end fixed tct 
the h[alf pitch fiber array 202 are separated one by one as; 
array [-side optical fibers 205^ to 205^6- In this connection, it 
shoulii be noted that, in the fourth preferred embodiment, th^^ 



side optical fibers 205^ to 205^6, which have beeii 



separated one by one, are covered with the protective tube 514 



(see 



Fig. 17), whereas, in this preferred embodiment, th€! 



fibers, which have been changed to a one- stage construction, ae 
such ^re coated with a resin to prepare a tape 605. 

The other end of the tape 605 is fixed in a fixation 
sectij^n 608 within a branching case 607 to the case 607. In 
this preferred embodiment, the array- Bide optical fibers 205 
to 205^^ in the tape 605 have already been changed to a one 
stage construction and are arranged from "1" to "48" in ar. 
ascenjaing order. Therefore, the inside of the branching case 
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s hollow, and, unlike the branching section 209 in the 
preferred embodiment, any device for rearrangement of th^i 



fiber^ is not provided, in this preferred embodiment, the tap^ 
605 ik passed through the branching case 507, the fibers in th^ 
5 tape are separated at a desired site into the array- sidei 
opticiil fibers 205^ to 2054g, and connectors 212^ to 212^8 are: 
connected respectively to the ends of the fibers. 

It is a matter of course that a construction may hi 
adopt^ that the tape 605 is again brought to the tape fibei' 
10 203, comprising tapes arranged in two columns of two stages, 
wi thill the branching case 607, and the tape fiber 203 is theii 
connected to the branching eection 209 shown in fig. 8 
<Sixt;i preferred embodiment) 

Fig. 21 is a top view of a tape optical fiber cord witJt 
15 an optical fiber array in the sixth preferred embodiment of th€! 
invention, and Fig. 22 a side view of the tape optical fibea: 
cord with an optical fiber array in the sixth preferrecl 
embodiment . In Figs. 8, 19, 21, and 22, like parts ar«i 
identified with the same reference numerals, and the overlapped 



expla:iation thereof will be omitted. The tape optical fibei- 



cord 701 with an opnical fiber array in this sixth preferrecl 
embodiment is the same as the tape optical fiber cord with an 
optical fiber array in the fifth preferred embodiment, except; 
that ^he tape fiber 203 has been covered with a protective tub«: 
25 714. One end of the protective nube 714 is fixed in a fixation 
on 708 within a branching case 707 to the case. 
In this preferred embodiment, the array- side optica], 
5 205^ to 205, p have been brought to a flat cable- like tap€i 



714 

secti 
fiber 
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Therefore, the diameter of the protective tube 714 may be; 
that some space is left between the protective tube 71^ 
and tie tape 605 so that the provision of the protective tube; 
714 does not adversely affect the flex of the tape 60s. 

In the above preferred embodiments, materials for the 
protective tubes 214, 314, 514, and 714 have not beer 
partii^ularly described- Any flexible material, which has 
hitherto been used in cables, may of course be used without 
particular limitation. Further, the use of f lame-retardant 
10 materials is beneficial for some environment under which the 
tape tj)ptical fiber cord is used. 

Further, the above preferred embodiments have been 
explained by taking tape optical fiber cords with an optical 
fiber array of two-column, two- stage type. However, it is a 
15 matter of course that the construction of the column and the 



stage 



is not limited to this construction only. Further, 



although the above preferred embodiments have been explained by 
taking a 12 -core tape core as an example, the invention can] 
also be applied to the case where the number of cores is not 12 
In the above preferred embodiments, the connector- side 
opticfLl fibers 211j to 211,^ are separated one by one and are 
deliveired from the branching case 207 ► The invention, however, 
is not limited to this construction. 

Fig. 23 is a plan view of the principal part of a variant 
25 of the invention in which, in the tape, the optical fibers are 
ted two fibers by two fibers. Specifically, the fibers 
tuting the tape 213 are separated two optical fibers by 
two optical fibers, that is, separated into optical fibers 



separs 
consti 
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(211, and 211 J and (21I3 and 211,) .... Thus, for example, foi 
some naterialB of the tape 213, there is no need to separate 
the f ibers one by one into optical fibers 211;^, ^ll^, .... Ever 
in th:LS case, the occurrence of microbends can be prevented 
aepartLting the fibers a predetermined number of fibers by a 
predetermined number of fibers. 

Pig. 24 is a plan view of the principal part of another 
variant of the invention in which, in a part of the tape, th€ 
optic<Ll fibers 211 are separated one fiber by one fiber. In 
this way, the number of optical fibers 211 to be separated m^y 
be varied. If necessary, a combination of the forms of 
separsLtion, for example, a combination of the separation o;^ 
opticc.l fibers two fibers by two fibers with the separation of 
optical fibers three fibers by three fibers may be adopted, 
leo can practically prevent the occurrence of microbends 
Pig. 25 illustrates that the number of regions (parts) in 
the optical fibers are separated is not limited to one 



15 This 



which 



fibers 
20 plural 
direct 



As sh(jwn in Fig. 25, there is no need to separate the optical 



211 one fiber by one fiber or a plurality of fibers by a 
ity of fibers in only one region in the longitudinal 
ion of the tape 213, and, as shown in this drawing, the 
separation of the optical fibers may be carried out in two 
regions 251, 252 or more regions. When the regions for 
separajting the optical fibers 211 are intermittently provided 
s way, the tape 213 can be easily handled even in the 
case When the length of the tape 213 is long. 

Although the above preferred embodiments have been 
explained by taking half pitch fiber arrays 202 as an example. 
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array 



10 fiber 



have 



the iijivention can also be applied to other pitches 

Pig. 26 shows the relationship between the half pltct 
array and the fiber aligning section in the preferrecl 
embodiment of the invention. In Fig. 26, the pitch of th^i 
opticiil fibers in the fiber aligning section 121 is the half of 
the p|itch of the optical fibers 211 in the half pitch fiber 
202 in which tapes have been stacked in two stages. By 
virtufe of this construction, the individual optical fibers 211 
can t^e associated one by one with the optical fibers in th€i 
aligning section 121. 

Pig. 27 shows a comparison of the pitch in a three -stag€i 
stackfed fiber array with the pitch in a fiber aligning section, 
m this preferred embodiment, the pitch of the optical fibersi 
in th|e fiber aligning section 121 is one- third of the pitch of. 
15 the o|ptical fibers 211 in the fiber array 202A in which tapes; 

been stacked in three stages. By virtue of thit 
construction, the individual optical fibers 211 can h^t 
associated one by one with the optical fibers in the fibej' 
aligning section I2l. The invention can also be applied to th€s 
where the pitch of tlie optical fibers 211 on the fiber 
side is four times or the like that in the fiber alignincr 
sectijsn 121. 

As described above, according to the tape optical fiber 
cord With an optical fiber array in the above item (1) or (2), 
25 in a part or the whole of the position intermediate between thei 
tape fiber on its fiber array fixation side and the 
predetermined position remote from the fixation side, th€s 
plurality of optical fibers are separated into a predeterminec 



20 case 
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fixed 

upon 

tape 



numbe:: of optical fiber units which is smaller in number than 
the* n imber of the plurality of optical fibers. Therefore, upoti 
the application of force in the bending direction to the tape; 
fiber the optical fibers are freely deformed independently oi 
one another according to the applied force, and the direction 
of deformation by other optical fibers or the covering member 
is not restricted. Therefore, force, which locally deforms thci 
optical fibers, is less likely to be applied, and, thus, th€i 
occur::ence of microbends can be effectively avoided. 

In such a state that the plurality of optical fiberis^ 
to the fiber array are aligned in a plurality of stages, 
the application of force in the bending direction to th€i 
fiber, a difference in length exists between the outei- 
circumference and the inner circumference derived from stages 
such as upper and lower stages. According to the tape optical 
fiber cord with an optical fiber array in the above item (1), 
however, the optical fibers are freely deformed independently- 
of one another according to the applied force, and, further, 
the deformation direction is not restricted by other optical 
fibersj or the covering member. Therefore, even in the case of 
a taps optical fiber cord with an optical fiber array in which 
a la::ge number of optical fibers are accommodated in a 
j^tage construction, the occurrence of microbends can be 
i:ively prevented. 

According to the tape optical fiber cord with an optical 
array in the above item (3), in the position intermediate 
between the tape fiber on its fiber array fixation side and the 
predeiiermined position remote from the fixation side, the 



multi 
ef f ec 

fiber 
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plurality of optical fibers are arranged in a one stagci 
conBt::uction one by one parallel to one another and are formed 
into a tape. Therefore, the width of this tape portion i$ 
incre;ised according to the number of stages in the tape fiber. 
5 Unlike* the cord described in the above item (2), however, ever 
when j:his tape portion is bent in a direction orthogonal to the 
width] any difference in length derived from stages such as 
upper and lower stages does not occur between the inner 
circuijif erence and the outer circumference. Therefore, force, 
10 which locally deforms the optical fibers, is less likely to be 
applitid, and, thus, the occurrence of microbends can be 
effectively avoided. Further, since this large- width portion 
has baen formed into a tape, the cord can be easy to handle 
even vrhen the length of this tape portion is long. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (4), the portion, in which the 
pluraJjity of optical fibers have been separated into a 
predetermined number of optical fiber units which is smaller in 



15 



numbei 



than the plurality of optical fibers, can be protected, 



20 and, further, even when this portion is long, the region, where 
the irdividual optical fibers are present, can be restricted to 
some extent. By virtue of this, the cord -is made easy to 
handle 



25 fiber 

plural 
by one 



According to the tape optical fiber cord with an optical 
array in the above item (5), the portion, in which the 
ity of optical fibers have been arranged in one stage one 
parallel to one another and have been formed into a tape. 



is covered with a protective tube. Therefore, the tape portion 
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can be made more thin and flexible. This can further reduce: 
BtreBis applied to the individual optical fibers. 

According to the tape optical fiber cord with an optical 
array in the above item {€) , the protective tube is fixed 
5 at: the predetermined position, where the tape fiber has beer 
fixed or a position near the predetermined position. This 
improves the whole work. Further, according to the tape 
optiCiil fiber cord with an optical fiber array in the above 
item (7). the provision of the rearrangement section in the 
10 ident:.cal position can improve the workability. 

According to the tape optical fiber cord with an optical 
array in the above item (fl) , one end of the protective 
is fixed to the end of the case containing the 
rearrangement section. The fixation of the protective tube tc 
15 the eid of the case facilitates the fixation work and furthei 
can eliminate the need to make the inner diameter of the case 
large]? than the size of the protective tube. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (9), the fixation of the 
20 protective tube within the case enables the protective tube tc 
be sttLbiy mounted. 

According to the tape optical fiber cord with an optical 
array in the above item (12) , since only one end of the 



fiber 
tube 



fiber 



protec:tive tube is fixed, when the tube has been bent, the 



25 other 
This 



open end of the protective tube can be freely moved 
an reduce force applied to the optical fibers provided 
withii^ the protective tube. 

According to the tape optical fiber cord with an optical 
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array in the above item (13), in a part of the regior. 
the plurality of optical fibers have been separated on€ 



item 



10 fiber 



fiber 
fixed 
15 tape 
above 
other 
bent , 



by on^, the protective tube is fixed to the optical fiber. B:^ 
virtu4 of this construction, the movement of the protective 
tube ilnay be prevented in such a state that the force applied tc 
the optical fibers has been reduced. This is true of the tape 
optical fiber cord with an optical fiber array in the above 
14) . 

According to the tape optical fiber cord with an optical 
array in the above item (16), the flame redundancy of the 
prote<:tiv€ tube can protect the optical fibers. 

According to the tape optical fiber cord with an optical 
array in the above item (17). the protective tube ie 
to the fiber array on its fixation side. As with the 
optical fiber cord with an optical fiber array in the 
item (6) wherein the protective tube is fixed to the 
side of the cord, even when the protective tube has been 
the protective tube is not locally and unnaturally 



20 fibers 
res tri 



deformed. Therefore, the deformation direction of the optical 



arranged within the protective tube is less likely to be 
cted, and the occurrence of microbends can be effectively 
avoiddd. 

According to the tape optical fiber cord with an optical 
array in the above item (Ifi) , the pitch of the optical 
in the fiber array is the half of the pitch (half pitch) 
of thi optical fibers in the tape fiber. By virtue of this 
construction, for representative tape optical fiber cords with 
an opiiical fiber array, the occurrence of microbends can be 
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reduceid. 

The invention has been described in detail witt 

particular reference to preferred embodiments, but it will b 

underiitood that variations and modifications can be effected 

within the scope of the invention as set forth in the appended 
claim!! . 



